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Materials
The sample preparation procedure has been described previously (1) . Lightly cross-linked poly(methyl methacrylate) (PMMA) containing 10 -6 M probe molecules (DPPC;
N,N′-Dipentyl-3,4,9,10-perylenedicarboximide) was synthesized using thermally initiated radical polymerization. The dimensions of the PMMA film utilized for creep measurements are 2.5 × 30 mm, and the thickness is 25 µm. The chemical structure of DPPC is shown in figure S2 .
The T g of PMMA is 395 K as measured on a TA Instruments Q2000 differential scanning calorimeter; this is the onset value obtained from the 2 nd heating scan at 10 K/min.
Methods
Local Creep Measurement.
A thorough description of the apparatus used for local creep and mobility measurements can be found elsewhere(1). Uniaxial tensile creep was used to measure the elongation of PMMA films subjected to a constant engineering stress, σ 0 , which is defined as σ 0 = F/A 0 , where F is the applied force and A 0 is the original cross-sectional area of the sample. To determine the strain and true stress in the region where the mobility measurements are performed, we photobleached four lines (figure S1) in the center of the sample, defining the small region (~ 200 µm × 250 µm) 2 where the local creep and mobility measurements are made; in figure S1, deformation occurs along the x axis. A CCD camera was used to photograph this small region at many times during the creep experiment. The increase of distance between the two lines perpendicular to the direction of deformation determines the local strain
The true stress is defined as the ratio of the applied force (F) to the instantaneous cross-sectional area (A). To obtain the instantaneous area, we monitored the decrease of distance between the two lines parallel to the direction of deformation. For one sample, we measured the fractional changes in total width and thickness of the PMMA film and found that they were identical to the local contraction in width, indicating that our samples deform uniformly in the yz plane. Thus we use the measured local contraction in the y direction as the overall contraction in the y and z directions in the calculation of the true stress.
Prior to each creep measurement, the PMMA film was heated to 405 K for 3 hours to remove any residual stress. The sample was then cooled at 1 K/min to the testing temperature and the temperature was held constant for 30 minutes prior to the initiation of the creep experiment.
A series of low strain creep measurements were performed in which the mobility was measured immediately after imposing the stress. The local strains were measured before and after the 3 mobility measurements. For most low strain measurements, the strains measured after the mobility measurements were smaller than 0.05. Low strain experiments with an engineering stress of 22 MPa had the largest strains (~0.12) after the mobility measurements.
Optical Measurement of Dye Reorientation
The photobleaching experiment has been described previously (1) . We use a confocal fluorescence microscope system to perform photobleaching measurements of the reorientation of DPPC dye molecule in PMMA glasses. In these experiments, an intense linearly polarized beam is used to preferentially photobleach probes whose absorption dipoles are aligned with the polarization of the light. This process generates an orientationally anisotropic distribution of unbleached dye molecules in the sample. With time, the unbleached probes reorient, regenerating an isotropic distribution. After bleaching, a weak circularly polarized reading beam illuminates the bleached area. The fluorescence from the reading beam is separated into parallel and perpendicular components and the time-dependent anisotropy decay is constructed from these. During creep, alignment of probe molecules occurs due to chain orientation.
Separate measurements of fluorescence anisotropy in unbleached regions allows this effect to be removed from the anisotropy decay(1). 4 The anisotropy function r(t) measured with the photobleaching technique is related to the orientation autocorrelation function
Here μ is the absorption dipole for the DPPC molecule, P 2 is the second Legendre polynomial, and r(0) is the extrapolation of r(t) to time zero. The anisotropy functions have been fit with the stretched exponential function (KWW function):
We define the rotational correlation time, τ c, as the integral of the correlation function
where Γ is the gamma function.
Up to 35 sequential anisotropy decay curves were acquired during one creep measurement. The strain evolves continuously during this process and it is measured between acquisitions of the anisotropy decay. For each of mobility measurement, we photobleached a pattern on the sample that included a 7 µm × 7 µm square and two 7 µm lines (figure S1, lower right). The anisotropy is measured in the center of the square as a function of time. During creep, the photobleached pattern moves along the direction of deformation. In order to track the pattern, we use a piezo positioner to drive the sample in the opposite direction of the deformation. The 5 center position of the square pattern could be accurately (within 1-2 µm) located by scanning across the two 7 µm lines.
The scheme described in the previous paragraph allows the evolution of molecular mobility to be followed during a creep and recovery experiment. In some cases, the mobility may change during the time required to obtain one anisotropy decay curve (~340 s). In this circumstance, the mobility that we report will be an average mobility over this time interval since we use the integral of the normalized anisotropy decay to obtain the rotational correlation time.
Significant changes in mobility during the acquisition of an anisotropy decay curve could also result in a fitted value of the KWW β parameter that does not accurately characterize the underlying distribution of relaxation times. The data shown in Figure 1D argues against this possibility since data acquisition during periods of increasing and decreasing mobility yielded β parameters that are the same function of the mobility shift factor. Figure S2 shows the rotational correlation times for dilute DPPC in PMMA at different temperatures with no applied stress. The data near and below T g were acquired after the same cooling and waiting protocol described above. The solid curve through the melt data is the 6 temperature dependence of the dielectric relaxation time τ α (2), vertically shifted to match the DPPC rotational correlation times. The rotational correlation times of DPPC follow the temperature dependence of the dielectric relaxation time very well. This indicates that the reorientation of this probe molecule is strongly correlated with the segmental dynamics of PMMA as expected on the basis of similar probe/polymer experiments(3). Based on this result, we assume that the rotational correlation times of the probe molecule are also strongly correlated with the segmental dynamics of a polymer glass during deformation. Figure S3 illustrates the connection between molecular motion and macroscopic mechanical properties. This is the same data shown in Figure 3 but here the presentation does not utilize dimensionless variables. As in Figure 3 , a good correlation is obtained between strain rate and molecular mobility at three temperatures. To construct a dimensionless figure (figure 3) for comparison to theory 4 , we re-plotted the data using the correlation times of the undeformed sample at three temperatures as scaling factors. The correlation times are 51000 s, 16600 s, and 5000 s at 375.7 K, 380.7 K, and 385.7 K, respectively. An excellent master curve is obtained based on this method as shown in figure 3 . 
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